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(54) SEMICONDUCTOR EXPOSURE DEVICE AND OPTIMIZING METHOD OF MULTIPLE 
IMAGERY EXPOSURE METHOD 

(57)Abstract: 

PURPOSE: To obtain the optimum value of an FLEX 
step automatically by optically observing a pattern latent 
image formed to a photochromic material acquired by 
irradiating a reticle with light from a light source for a 
projection optical system. 

CONSTITUTION: Light sources 10, 20 for a projection 
optical system, the projection optical system 62 for 
forming an optical image obtained by irradiating a reticle 
61 with light from the light sources 10, 20 for the 
projection optical system onto a substrate, and a 
substrate stage 66, on which the substrate is placed, are 
provided. A photochromic material 70 arranged on the 
substrate stage 66 and a latent-image detection system 
for optically observing a pattern latent image acquired by 
irradiating the reticle 61 with light from the light sources 
for the projection optical system and formed on the 
photochromic material 70 are provided. The pattern 
latent image is observed optically, thus automatically 
obtaining the optimum value of an FLEX step AZ. 
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(54) »Nac!>««!] ¥«fMI3>^*KO^fill«di31g^«>jKB^ 



(57) [HSIfii] C ■» J 

FLEXXT^>AZ«>«3Hli^effilM[=*to» 

«iL.v i=0. 1. 2. ■ ■ , K) ir|E?LT, 

^-StUT. aiKtD«fiizoo><it^^1fc*i^-CMli« 

(>r) ©XS* AZ^gExTNUlJftySL. MX (N + 
1) fi<D/<^« — >««SJi^fiKU, (/%) MX (N+1) 




(2) 



#fflSF 8-31734 



(n) |ft^BJte!^3fifflilfc3S(A^6©5lfe?&U^>?;U=Hi9t■r* 
(=) SiSX-f— -:?-tl=Ka**T.fc 7 51- hi? PS*;:; ^^tt- 

*^e,fllJ^g*^^fcLDI!)jeS<*^—^fA^&fiEy. i^«(fl?it 

Y A G b jie § Hf*: u— yjt i^fu^jtfiies^^ 

i6^ 61«^* *vfc L D HjgBlft: b— feJlR y ^ u— if 

iiS!ie±SiBA'e>j$y, 

L, i=0, 1, 2, ■ • - , K) izm^^XX. f<it 



^fizo<ott$l^it;^i±TMiijfiy]gu, z<ottA<^3Ee 
(p) flfrisxg (-r) Azoe^ie^-cNiHiiiyiS 

(-) IS/<4i->«tftllS«gSI=*-^#«)SJfeAza><i£ 
[lil*«8] 7:*- hf PS'yi^WJl^lcfl^^^^lfc/^^r- 
[000 1] 

1-Sfc«)0!)filfffl*aiS«S*a (FLEXa, Focus La 

titude Enhancement Exposure^) $:Sjgi^b'f 
J:yi¥L<l±. ^Sfe«ll3teatfcIt5FLEXXT-v 

[O O O 2] 

gl3te(=fflL^^5fe<o3iS*A. uvxroggpiasN AtL- 
««ffi=kiA/NA Se (1) 
DOF=k2A/NA2 S (2) 

[0 0 0 3] «S3fc(D¥!ii«;S3fe^miC*JL>ri±, ^f^att: 
[0 0 0 4] {j£3|£a}S3t£^lRi=^i^Tl^, Itai^^x-gS 



(3) 



«FBfl^a-3 17 3 4 



[0 0 0 5] :i<D<i:dtj:^j^mS.(Dmm^^3k't^tzli> 

[0 0 0 6] Z(DJ;5 35:^ffiiK<»SS3t.^f:iJ:o-C»e>*i 

1 4<Z)^flijO (a) <OJ:d3&5feaiS»*;&^#t»^§o ^ 
fc. OX/N±|c}|^^$*Lfcl^i?Xhi!:Si/hSK*ies^i: 

m^fe-r^c^izcfco-c, mi 4<o*a<o (b) <x>cfc-5 

ZKSOcfcolc. •^7x/v±(z»j3fc^;*xfcui^;^ htsSB/h 

[0 0 0 7] Ca)J;3^f 2|sl<D!B3t<D*g*. 01 4(7>:& 

^JflT^*S^Ci:3&<T*#5o 1^1 4<30 (c) |z^Lfc*:gt 
JS»flJ05lf-^7«ieA/fc*3fe5iffi:JJ'fli*^1 5(D (A) 

O. 4 /i m 1:2 
O . 3 2 m 1:2 
O. 32jum 1:1.7 

[0 0 1 1] ±|H0!)a^'6*eB&*^*:J;3l3. > 
(z. FLEx;^7^':^^AZ(DfflS3Eft*-i±r. sei«fr/< 

t^^m^m-f^Mz/^^—i^omm^m^itmSiS em 

[0 0 1 2] ^SoT. **ej<OBWf*, 

* fc to<7>RFfli#S#£«il*/^o>sa^b*^T 5 <D 
izSLfc. FLEX7LT^*yAZ(Dfi3Bfii$a»Mf35}c«> 



<Z)iESt*. ffJx.«, z+AZ, ZH-2AZ. - • 
■ . z + k AZlr^-fb^i^^o 

[0008] d i'^3^mMi^m^^itm^mA<i>m 

S:^*<-r^S!iSM3Sj:^&j£-efc4o -tLX. flex;^ 
T^-^:3PAz<ofli&*ii^b^s;itA^M^tffcSo ^»Lt 

FLEXyC.x^>3^'AZ<CHE7&<::*:^-r^^i:. @15<0 

>h^X K;&*«T-r-So F LEXXT"y:/Azfl> 

fiai6<>h*1-#Si:. Ell 5<7> CC) lz^1-<fc5!c. «|jS 
gBffiDOF;&<»E<3££-S« 
[0 0 0 9] 

X&tf/^5r— >SSf::fic^?L-C. F L E XXt^^:/7'*A 
Z<3D»ffl«A<«fc-r4ji^f3j>4o /^^«->-t^-f XO. 4 
/im. >?gSl : 2f3fct^r, FLEXXx^v::'* 

A Z ^a>«?i£^b S itTSafe L fc i: ^©^X h- 7? X 

XO. 3 2x/m, — >ffiSl : 2. Jtl^. /^^ — V 
^^XO. 3 2jum. y^^f — >ffiJt1 : 1. 7 iCfcMt* 

I§l«©iH»*Hi 7&u:hi siz^^-. EIc. hi 6- 

Ell 8;f>^e>*i^)y=. ^*i-?*L(0*fKcfcft§ F LEX7. 

T^^v^^'Azooaini^Taiz^-rc /^^i-^it-YX 

tl;*:. t7X/\±iz3i^jS*ixfcui?x hJzfl$^$+t«/^4i 

:^ hfz?^j$*tLt=/^5'— >tD:^^* (H) /^^i — 
.t/^^-VehOPs^ox^-xcD:^^^^? (IS) ®J±^«i* 

[0 0 10] 

F LEXXT-C/3^AZ<0eaSfi 
2, 4 A< m 

1 . 8 ;i m 
2. 4 m 

^b.^*ffi«t-rSCi:lci&4, 

[OO 1 3] 

[SM*«3*-r«fc&0!)^S] ±5B<DBMS3*JS-rSfc 

mt. (p) ie]K7t^^S3t»^t>co*$u^^;uz^ 

M-r t J:: t>tL^ifc^¥=«^S«fz«iS*-t±-& 
vt. (-) ««XT-v±fr:iBB*3Kf=7?:^ K^'P^ 
izgsst-r * z t iz J: or » t>*tfc K ^7 p s tf *4 



(4} 



«BB^8-3 17 34 



[oo 1 4] *feB^(D*a»:S3t^Sl-^^t,^rl^, 

t>l±X, U— y'Jtlgl*. U— y-Sf-l';*— K. Nd : YA 
ait LTfflL'»i> ^ tA^-e^-So 

[0 0 15] &^i^\t^. ;*:#ei^c!>^«i^R3k^Br=fe 

[OO 1 6] :*:*BJfl>¥#^*ig3^fcSSlcfct^rl±, ,m 

[0 0 1 71 ±aB<oBifi*3iJi!c-r«fcto©*;»w<o*a 

Zx i (SL, i =0, 1, 2, • ■ ■. K) l~m^^ 

EMIlD»9fi£zoa>e$^fl:$i±rM|il«K>'JilL. z 

omt3m^£^Mm<D/^^—>mi$.i:ms$.L. (p) ffirie 

(-f) AZtOit^ggj^-CNUIiliiJigL. 

&*xfc/^^t-i'S«^5tTS<ll=«^L. (-) COD/^^i 
->^«M^<g^l::S-:3^«ia^d:AZ(Dffilr3R»S. # 

[0 0 18] :4EfS^a)»S«!«ISjte^(DSS4t:^[=^l' 



»«S5BferSXS^SIc#t?c:tA«-e#-5o /-« 

[0 0 19] 

-SCitJc-^r. FLEXXir»;AZ«)«3iMSgS»W 

«S3tej£l=felt-5 F L E x;7.-T-':':::^AZ©«aS{t*S'£ 

^®fts^b,^^!(aiyiSLiifT-r.i>c:tA<-e#-s. fss. * 

[0 O 2 O] 

[ o o 2 1 ] (^£fi«f 1 ) mmm i (o^^t^Sjit^n 
nm^^^m%^ 10. 2 0 i , istm^mw^mut^ i 

O, 2 OAN6tD5fe^L"^i»;b6 1lc8g*ri*SCi:lc^o 
^i56 2t, »tS6 4^iE1H-r«a«X-T-S?6 6i:* 

U'^^'^ue 1 l=|flSf■r'5Cli:lc:J;•^TSe^^^fc^ 

^•^p£•y^7t^^s^7 oic}^ja$Hfc/<5'->^«*3fe 
I6«i«ij nci3t-»Ti±, Mi^, h^n5^;i?*J«7 o 
A<Mite>*i.-cj3y, a^3t^^ffl3feMA<. meiaiisffl 

[0 0 2 2] -JicV^u^-vOnPt-} OXZM^^iXhi^ 

LT. SI IC^-Tcfc^l-, Sfgit^mfflJtSS 1 0, 2 0 
AMb©5t$llK/<5>— >A<flg^**lfcU^i7;U6 1 (O- 

C;h.l=J;oT. h{7P5^;4'*r«7 0lC/«5t — 



CS) 



!|tM*8-3 17 3 4 



loo 2 3] 7:*- h^?n5';'^»*tSsj7 0i*, W^l^xe 

o > j6*ts^A^ 6,J5£ y > fiiK^^ 6 7 oimmom 

i&P.n'—i> 6 6 L < I±X/<-j 5t ^IC-C 

E$PVAa&•St^l^*'^;^«l::Tl^aL. 7:i-h'?P5 

©lf52Stl3Elcs-3l^fcses^^■r^3t^s^ul■r'6al2 

J5aift«±Sa2 0j!P6fiE*. U— IfStSi 0(t. U— 
Kl 1, Nd : Y AGA^P>fi!E-SHtt:U— ifSS 

ai 2au:i^j»fl?3ti^tea«^i sAv&flt^stifcLD 

m2]Sli^fl±^S2 O&i;A«^:g:«l|0|ia3 O0!}P 
^IBlc-^L^TI**S&■f 

7 0(D;gfea)fci&(:fflU^to*t'5o U-if*jll 01*. M 

[0 0 2 6] ,««;giffi»^^fflL-ci^^5r:?r^7v^ ■ 

T^'OV hfeUjmi*, HI 01=5^1- <*: 31= . r^-f^ 
>KiS«ffi4 0, 0j5!OIl«f3fe^^tUi-r*mi«)5t«SW 
fS4 1. rt 1 ^<»|El*Tifc$:gSai-r^»2(0jt«lffl«4 
2. afi6 4lcfl^fi£$nfc7^-<y>h-7— i7 6 5-eR 
»t$ttf=Oj9;<Olal«rj«&$3R 1 a>3^^ttl»4 1 l=AS^$-li: 
^fc*f)<0/\— 5 4 3, 5t^ffi»4 1 . 42A>&© 

^■^tii**«asr-5<i-^ia!raiSS4 4A^6flt^$H■ct^ 
«o T=7'f>f>h»«c«4 0tt. 'J^$«:ranaNA^W 

iJ-tJ^S 5 O -C^ffl-r « ;i i 1= J: o T^SS C 4: A^-C t 

So 

[0 0 2 7] i^. 7l-:77^?->:^ - h^Ktti^f:: 



a. fflfffj^itufcjfes. »i &t;«2a)3feaffi»4 1 . 

[0028] h^P^^i'^WJl^? QjZli. 

3fc^r<*:ofC. L/-1f3fci|glO (cl:yft<*Mlz{4. 

e*lfzli, 02Rlfia3lz^-r<tdl::. U— if Stag 1 OA^ 
5 0. /N— :7 5^— 4 3. *7^-f > > hett«4 O^S 

^ h^^n ^^i/^?*t**7 o*gs9tL. z^xir^fcor. 3':^' 
h^PS^><>*r**7 0CJB;SStLfc/<^->»«*3te^ 

[O029] ^UT. HIK El2:5tt;ig|4*#^LT. * 
[0 0 3 0] [/^^J->jS«3i^Ji!cX=e-1 ] 5fe-r. EH 

i=^-r<fc5i3. ^siB3t^^6 2*^&as7.^-^>6 6± 

izW^S^titzy^ h'<?a^yC^ttm7 0*-ca)ffiJ6i*OM 
«)jE3StZSZ0+AZx i (fiU. i=0, 1, 2. ■ 

' ■ . K) izm^Am^x. /<^—>timfS,^^fci^^<? 
6 1 (ziaK3te^^ffli*as 10. 2 o t> <z>3t * ^.st -r 

i^-y::fT?fc-So SBKzcDaEMi*. affiXT-i?6 6*z 

[003 1] 1 ^=fcL^T^*. K=^1 , M=2 1 t 

^m^Mzy^ hi7P s^<7W*|7 o*-e<os«tz*. 

ZoS.t5Zo+A ZfC|ll5fe^^T. h^P^^^i'tr** 
[C (K+1) =2[Hl. /^$->?t^«SS«*1±T. ^ 
;i- hi?P5-^i7tf«7 0^/^^-VS«Sfl^Jllc-r«o * 
LT. AZ<Dtt$™S (ffiJ^f^AZ = 2. Ojum) 



(6) 
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[0 0 3 2] h^?n5-;^7*t3|47 Of^KK^t^^ffl 

h^?PS^:/^?*rS^7 0<©5taRiR#ttl*. 
«iitl::SftiRtf— (S4i=: (a) V^-T) 

(b) -e^-T) fc^^fc-r^o 

t0033] [/^-»->^«Ji^jaXg-2] SfelC. [/^ 
5J->?&«}i^jaxe-1] S> AZ^O. 2//mS]^^-e 
S^XTNUI (HJSft'JK-fcl.^Ttt. N = 2) SiyiSL. 
»*Se*Il3Mx (N4-1) fi=6 3e<D/<4i — >«ift*Ji^ 
JitLfcc [/^5t->»«Ji^JlRXS-1] <Z)**yiSL 

- ^ > > hsuftjs 4 o (D»T ices-r ^ ^ 
/\— :7 5 ^—4 3:atiJT^-< ^ > hSMffi4 o ^iSML 

m^^tz^^ h^7PS*:/^*t#*7 0<0^Jai3-CJfeSt*tL 
fciti*. T^-<>> hE«J[a4 0:Ri;y\-3?5^-4 3 

^SSLT. ccD*y^3&^e»J««m1<»*tt^ii»4 1 

[ o o 3 5] HI co3fe^fcbS4 1 ?bN^,(Dit^ahi:^]fi<i-l^ 

j!E:31ga4 4l3j:o-C^t-^«lS*+L. E4tz (b) IZX 
^Lfc:?:*- hi7P5-^<7«**7 0©3tei!R4KfttS. Snti^i 
>h5X h£fi'SCi:A^T*'5o 

[0 0 3 6] «ll7LlfSfiXi^-i>6 6^Z*|n!(Z^SI)* 

1^■*zi:^CcJ:orr^^;*>ha««4 035^b:73i■ h-i? 
ps>><7*^j|^7 o*T*<3DSg!K*^^r. ^/^^—i^miSi 

QKHRtttfi) -S:?:^- h^7P5*:^^?*t»7oa>S«3&^ 



5o -f-L-c. Aza)mSl::. iSi^afc*^ 6 2 A^e>SffiX 
T— i:?6 6±|ZifiB**Lfc7?;j- h^7PS^^W«7 0* 

zi> h^x h*— :?^@sc«r-Ei 5 iz^-r. ^icffli f3 

asl^^Ttt. N = 2i:Lfc0-e. ^H-3*<D3 X/ h^X h 

> eo.-'Si ^ffi L^r (ctr a c <t ^^^-e # 

-So 

[0 0 3 7] [SiSF L EXX7^^y:^AZ(7)»aiXe] 

14. /<$J->««a)=i>h7Xha(l5EiSm) i=S-:5*. 
*S««R3feS6l=i3lt-&F L EXXT^^y^f A Z<7>«ffl« 

[0 0 3 8] «x.fS. HSOfflia (c) J::^1-3>h^ 

xh*— F LEXXi^^:/:^AZ(7)fB36^**r^* 

^X h:75h— *X#3fifwtelt'63> h^X KA^iSTUT 
L*l^. c:<Dcfc5S:=i>K9X h:^— :?*»fci:§^®F 
LEXX-r':;:^AZCDffi(igjSfei?f**Pt^o ElsclJfflj^ 

(a) [Z^-r=3> h^X h* — :/fi. FLEXXt-*>3^ 

Aza)fliA</j>s-r^'5fci^:)i^. ^aasA^au^o §0%. s 

^x h*— ::3^**ifci:^<z)F LEXX^^>:^A z<7>ttt 
ftjiffi-eiijfei^o m^oSiWi (b) ic^-Tp^h 
^xh*— F LExx-T*>::^Az<Dflfi36^ft3B-efc 

^^JkDOF<Dmt<X^<. LA^t=i V h^x h:#3'-::?^ 

f}<jKi^m^^&i^m^M^x^^&xtbio «£o-c. CCD 

J:5?ti:=i> h^x h*— :?*#fc^*a>F lexxt-^:/ 

3^AZa)filA<S®{ilt:te^o Z<»J;5r3L-C, FLEX 
Xir T'^A ZCDSiSIIISSiS'f -So 
[O O 3 9] [/<4r->««5BfeXS] Ja±<3!)lgf^-t?. 

li. FLEXX7^'V3fAZ(D«iHfiA<*^^, ^<DS. 

hi7PS^:/^7tt*47 oicBj«**tfc/^5i"">««lc 
l^-if^M^ o (J:ym»«If3(d:. 3mfl#3te^eS*^ 

13) A^&s^ai*nfc**fflL>T, :7^h^P5-^i7« 
**7 oicMfiE$nfc/^^-v««e?fife-r^o 

[0O4 0] gn*». i^'jfcSi 03b^t»Stai*H. t*— 
i:i.X3^U ^y*— &-5tMi/\— 5 O. /\— 175^ 
— 4 3. r^-OV hS«feM4 O^iiilLfc*-?!. SflE 

imst-tio [/^*->»«03> h^x hsssExs] 



^18^8-3 17 3 4 



ZKf<7Vtn7 OI=©JiE*Jh.fc/^*-:/JB«A<3!ife**i« 

*t#47 0* u— tf^asi o*^t)<^)3lfetfiKFlBlaB■l*l^J; 

[004 1] JilT, ##®fc«)J=. L/v>?. hSJfexSJi 

[0 0 4 2] ui?;?. ^-fl3fexg^::^3t.^■c^d:. ^qic^t 

X) 6 2*4yLTS*E64±|r}^^^tlfcUi;xh6 3 
iSL, 'PJS.Ii 1 /5|zSiS/JvLfcit!?:«^S^3S6 4Iz}^rE 

S6 4i*ste;^.-T~':;6 6l-^Es$ttTL^«,, 

[0 0 4 3] U':?X f-BitXSI-fca>ri±, [flUSFL 

Ex;<.-T'»:7A2(D39:fflxg] i-xastofcF LEx;^■T■ 
i?x h^Hite-r-s. EP*., 4±icfl^^^nfcui? 
;^ h 6 3 1 ^'hftiKJt^^ ezt ©raoagfit^ z i L 

K 6 3 i: Si/MaiK3fe#^ 6 2 t (OraCDSElK^ z - A 
Zxi (fe-SLMiz+AZx i ) (OIL, i=1, 2, 

• ■ ■ k) ic)H3S?iE^T, u-eyxhisafe^ff^. 

k|H|ijsyiiii-„ 

lo o 4 4] ir-yT*?i^7. ■ 7^-r> > h*xCicj:-sr 

Sf-r-S., -eUT, T^-f J*>hV— ^?6 5-Cia«T. tit 
SL, BSfJRWLfcat*, 1 R0JS2©3fe«ffl»4 1 . 
4 2-e^ffi-r.5o 

[0 0 4 5] ;i(DJft-&, oj>i<nii«f3fe*S3teLy=mi <D 
^^ttiS4 1 ;&^&(DmA€-^$is#«aaii^4 4-ce^ 

ZC!)?31Sif«*CRTI=-C«^-r*<. ii^ 
<»S43^^#«aS$*T-5 - i 1= J: o-c»s c i 



h-^— -J? 6 5*\e)<0+ 1 ?>i<DlEt*f3fe^-SitLfcm2a)3fe 
«ldi%4 2A^&a)ffiAfi#^ffi^j&Si£&4 4-?€4»«l 

4o El 013, *t£l=]KjS^*ifcT^-r^>hT— 57 6 
5*<«!K$*vfci:#(0«l»,0:ai2Cr)3fe1^l±iiS4 1 , 4 
2;!»'^<3D«^tijA$8l^fi(|l=^Lfcc «1«Rlfe&t;:Rt% 

[0046] c:()!>J:'7rc, »«i$mi^fflai£K. ^^mt 
— tfatSSi o tie J: or, fie^ro^WftSilt 

0*^t.Stffl3:*i..53fe(4T*tt*<3SL-^O-e, ir-yy^'iyT. 

[0047] (3ltS^2} ^je«12l4, HffifflJIOie}^ 

-C'fe-S, U— 1f3fe3Sl 0$-, U— W-f;*-— K1 1, N 
d : Y AG36^&J5E*S»U— tfJKKl 2 St^lf igfl^3t¥ 

!isSi*^i 3a^6fi^■5LDi!lfi@^*:^— tf*'6«^-t--s 

^1*. nisei 1 i:i^«T?fc-5o ^16fi»]l I-J5t>r(*, If 
I|g^?!l2l=fct^TI4. 07l=flt«:|g^as-rJ:5l-, U— tf 

u— yjtsi o*«fi6-r*b-if^s<"'«'3i— 

K1 1 t*— A::^,^'; 'vdi— fc-SlMJ/x— 

:75^— 5 0^^^LT, /N— 43, Tt-O^ 

l-SE«l«4 O ^aiS Lfcifc-e, 6 6 JilcBH 

1E$*Lf=7* h^7D5-y^7*r**7 0£|g*rL, > 

011 i>:l^:|S^-r«C^)!i<-e#«(7>-e, $j|i]&:8K^ld:«ll& 
[0 0 4 8] (^ttfilJS) 3gt&1»3lCfett^Ki^^^^ 

m%mt.. mnm ^ fe-s im4|ii£«ij 2 1 nm^^. b— tf 
st**i-?-L-cza)AM3t<i!)»2iKnaii=»-5i^fcarfit 

Wr^Jfe^Stta-f -SB 2 aslJ6fl±^S2 07!)>6iiE*. 
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ms\zm^m^^-ri^5{z^ (a) ^^mwm^mm*^% 

[0 0 4 9] mz^m^m±miB.z ott^ih!Sitiii*i?>i/t 

4 3, T^-fj'V h-^l»a4 0*ffljaLfc3fcrs sii;^. 
7^— ife 6±!=iBe$*ifc:7:i- h^P5>:»i'ttf47 

[O0 5O] mji, ^nm,m\zxw^\.tzm^%^jkm 

"^St^MW 2 0^. IS 1 1 . @ 1 Z'SaS-'^ 1 3 $#BgL 

[O 0 5 1 ] El 1 1 l-g?-r«t7l-, U— tfit^lOI*, 
j^_4f^^;^— Kl u Nd : Y AGA^e,^l.@^t:L'— 
+f^SS^1 2, iMiu^jt^ifSs?^^ 1 3A^c^|t^^?i^fc, 
m 2 sisa^ stab L#.5 L DEhggn* u— tf A^ tofig^. 

2 iau:5tl^liSl2 2ANfeJ$-5, ie2Siii£5E±^S2 
[0 0 5 2] %]iE#J 1 »l;SlfefilJ2l=fcl^T(4. U— «f 

*^S2o$«fiS;-rsjfe*ffiS2 2[zAifrs, ig2^ 

P;'K^±^e2 0l^, 7^^SI»2 2[:iAlt$ti^=jtt(D^ 
2!Si8»l3*^L^fcjftfi**-r«3t (Bfl:U— !fJ«II*< 
*jS^.5L — -yjfe^S^? i: Lfc«^, m4SiS3e) *tt 
til^'g).. SIM^SlUfel^'CI^. m2^ig|fifg^SS2 0 
& Sta *;|lf=3fel*, > K/<:^ :? < - 8 0 1= J: o 



[O O 5 3] S 1 1 l=3^-r<fc5l-, U— *f 3fe3S 1 o I*, 

8 08nm) , Nd : Y A GA^t)^S@t*:U— tftatft 1 

2 (ItfflJItrolKS : 1 O 6 4 nm) . RtfKTP (KT 

1 0P04) A^f.jS-55ftaj^3fe^iSfii3ll^1 3A^C,1«^ 

$;h-rL>«.o sf^u— 21*, i«®]aiie*sc-eife 

d : Y AGA^t.nE'SSftU— yjiSom2Bif3jK-e&* 
5 3 2 nm<0JtA<^aj$*l-5o tfJfcSS 1 O N 
d : Y AGANe,^5H»U— tfjKHl 2®W*l=1/4 
iKfiiSi 4AtiE^$^^r^^«lc Z4^|r^•^-C. U-ififc 

[0 0 5 4] %mW^^^^^m=f-^ 31*, 5Ji 

fc3t*«S*(=iBS-r-5:&SC) *«^-rS. ¥Sttl 5 

!±3fefl)5&i:^SS*-r^= *fc, KIH^I 6liNd : YA 

[0 0 5 5] SI 1 (355-rJ:5l^> S2SiSijfiEf§*:gM 

2 01*, fi4x.l£BBO (j8-BaB204) 36^&^•&I^$K 

Y^%^^w^mT2. 1 Rt;3t5tag2 2*^&«/^$^^■cl^ 
^ , ig 2 isnjKfg^^e 2 o -gi^iSJ^jfe^^A 

^^2 1 %^'mi'2. 2a)3fcKl^l=SiE$tLTL^«o 
in*), g|2SSifi3i^SI^SS2 o)*, 3fiSn»SHG:&S 
■C&^o Cfl53t5^ai&2 2l=fc^^TI*, FJriS:? -f *Xfig 
(^tSflDQfilz^sa-rS) oo~l OOOS 

S^:^$< LT, 3teAS«2 2|^8P(r>jlkSig$, jf&^li 
If 2 2 1= AS* * ;h,^ JtOOifee&Jt StSfg i: -r -5 ;i <t ic J: 
3feS*ffiS2 2WI=Ea**ufc3^jg}K3fe^«eAIS^ 

10 0 5 6] 3fe^tg»2 2(3:, -*t©IHl®®2 3. 24 
JtlJt— )^ro^®Si2 5, 2 6*->6.8lJj!t*:h.TU>5o m2 
ffiiiaK**S?e2 0lZASfLfc3fe 532nm 

<o%fi&w-r<&%) I*, a>B!isfii2 3$asiiL, 

fiSSiSfi ^:g2 6 6nm05i£:} % 

2«)[aSj»2 4l=J:oTSSt**i, J>:l=, ¥iSft2 5. 
2 6lC.};-:)TJRIt*tL, B 1 OPgMI^2 3 I^<fc 

o-CSl**tl.S« C(DJ;^^£^*|girfcL>T:, m2(»IHlffi 
tt2 4lrAStL^=3t 5R«2 6 6nm©3fc) © 

lb 2 opgsat 2 4 $£jBL, S2ffiM 

iftfg±SlS2 0A^&L'^■^7^^6 1 iziajAN-D-cijas^i. 

■5. *fc, ¥ffi»2 6*N&S1 ©Gii®ft2 S-^irAStL 
fc3fe(0— »«■ (ffl^lS, SK-fi5 3 2 nmflOjlifc) I*, %\ 

<s)mm 2 3 ^mm. l , ^^-r ^i^msetij^s^tt 3 o 
^tASt-rs. (Si. si»v^2a)iHisi«2 3. 2 4. 
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S£^3T?<»ffifflfzJSLfc3t^taig2 2lZ^3L^rl*, 

2 2 'nas* l fcifeo-fflJSii 2 mmm&i 2 4 ^^ est 

[OOE7) «2ffi!lSE*±$feiS2 0A^&*^^l*^fc3t 
(JOiSftl*, «z;SlS5S^±^®2 0|zA*fr*3t^®^ 

t-r*if*, A^A>.5Ai?3fe(Dii2iaiBai-efc€>o ip*), m 

2 6 6 nm-efc*o 6^. N d : Y A G A^ t>fiJt«.@t*: U— 
IfaiS 1 2 3!l^€.Stlfl**l'S U-1f3t(D5R« ( 1 O 6 4 n 

^F^^^5fel*m4aiijgl=^aa■r*= «2Siffl»«*^M 

iSi. m2iaiSaS5l*4gm2 0ANe,Sttli**tfc3fel=l±, 5 

3 2 nmCI!)ae:S*W-rS3fc*.;ffi^-f -5= 

[0 0 5 8] m^1Sm^9t^Si9.zo^zlt, Ml=. 

use (L) I*, oizj^-:>x^m^ 
(L) ^-^fti=«sffii=«j*-r-s Cilery. ^2 

C9figSI£2 3, mz<DWmf&ZA. ¥9tt2 5, 

2 6, owmmz 3o^4^^Jn(l>sLk^m^1t^ 

[0 0 5 9] Wiz^mi&^±^&S.2 0ts^i,^tiiti%^m 

(31 2 ffifiiKfi^sis 2 o {z^.m•r^7<it^a>fi 2 
zmmfsim^mnz oi^ffisssoj^^s^icMm-r^o 

3ltftSS2 2l*ftfi«lBt«P*. Bnt, P':;^>ttJEi« 

ZZ-C, gf^JK3t^fSfafST2 1 (Oa»T**n, Jl 
I tLtzt^. 5felS{4*lMAI* (4rtn I /A) T 

[0 0 6 0] «fc, jl£|IKS2 2fi>^S$£L0±AL0 

7S<, A5t (Lo±ALo) /N' «iL. N' liJEIS) <J> 

2 2 1= fe ft -5 ifeseiiM A A* 2 TT rosiae*"' e. mfc t 

m2aiS3Kf§*SS2 0^«m-r'53fc^tffi»2 2l* 
[OO6 1] ^■z>X. fSZlSmi^n^mSZ OiS^^^SLS: 



fl|23, 24,791^25. ZGiDiiimO^m 

as OCOMWicio-C, IS 1 flOIH]Ett2 3 i:lg2<DPPH 
<K2 4 t^mSi^n±X'. m 1 (0[H]@ffi2 3 $i^St)$1t 
i-J , ;{(';ir>«?^(c^-r 1 CDIH)Sffi2 3 dOeES^JS 
*^^b*-tJr. it*S«2 2ffiiftffiSlg (L) (DigSM/j: 
ggij]$ffl1«JL, jlt^«IS2 2a>^filS£ (L) 

[0 0 6 2] ^s«^fi«fitP%iB3 oi^, :fimmxifiw^m 

4 ^ 3 2 B#^!t#gtaJS Lfc r U— tfite^*Saj 
(4*P^¥5-2 4 3 6 6 1 lcPai**1-■C[.^€>. 

[0 0 6 3] :i(7»^^(O#^£ll«$l10£jS3oi^. m^ 

•Hzfrir^=y\~s -7:*- f-^C'r:t— K5|«>3t«ajS3 1 , 
7|;-l';'.3fJU^— 5" (VCM) 3 7\^-<7.:3'{ 

^mmmm (vcMmmm^) 33, '&«gggs#3 4 2!)^ 
t,«jas*t-So effliEas3 4i4, u— ffjesi otis 
2ggsaeii*gM2 0 irroraroastsPiirfiBESti-cfc 

y, U— tfJtiSi 0A^6ltttl**vfc3fe^fi*iSsffl-r«Bf 
SBEO (SflUlt^) «T-¥>AO (§»3fei^) 3R^*^6fie 
-S. feffi^lfilSg3 4i:m2Bilffi#£±SS2 0ta>^l= 

-^i3 2i::i*, tlt^mmzzt:mIS.■t^m^<r>BQmm^ 
3)6<i5iy#ite)tiTus, 

[0 0 6 4] lai 2|cajta*35:-*-J:-5i=, ;t?'f;^=!-< 
3 2(±, aEtt*tJ|^3S^e»J5£'S«»3 2 0. 1 OJJl 

±fl?mat© (^/i?-f 3 2 2, attttjsA^&ja 

S3— 3 2 3, aUf'>'ti:< it 1 -^tO^-fJU/^^ C& 
«>l,^l±;iaig^t)^rote/^4'0 3 2 1 A^^,ttlfilc$^^fc^a5T 
■^/g^ix— ;u/U-.3 2 1 li, ^^a>-s»A< 

Sff3 2 0[=|5y#lte.*L, •f-L.TflfeffliJft^a— ^73 2 3 
)=lSy#ite.:h.Tl^-5o *fc, 3— i?3 2 3lz(±, Si 
(0|HlSft2 3ay:afflE53 2 2*<Biy#(t'b^XTl>i)o 

3 2 3 i:*<*3 2 o i:CDfc1<D8gJStA*ieg<b-r-l.o ^-(Di^ 

*o ai*>, sfflsss 2 2ics£-rms*#jffli-r*ci:i=j: 

or, ^^m^zzo^mSS (L) ££1b$-^-S^<!: 
A<-C$-.5, 7t?-<X3-f;U-t— 5>3 2l=jy-Lr, -9— tKSIJ 

[0 0 6 5] 7R'r;^=H';U^— 4« 3 2(Deil«aE<*»+ 
©Sa«tSlft+ k H z ~ 1 0 O kH zlslJii-r-S-tA* 

-teffiiHiyod^jEcL^jHaKittts^-rsfcto, -9— 

[0 0 6 6] nt^msz zn^o-^t/^miz^^t^. m 

TLitm-iommmz st^^^m^iv^mtii^a i \z3m 
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ffll^fT^Ct*^ m^it. R. W, p. Drever. et al. "Lase 
r Phase and Frequency Stabilization Using an Optic 
al Resonator". Applied Physics B31. 97-105(1983)13 

[0 0 6 7] m^. «ijK.ttsi<7)iHiffia2 3*a3au. 

O) t7S-S«t:5f=s VCM*]»lElB3 SfUcfco-CTp-fX 
H-f^U^— 51 3 2SE»LT||1(DIH|®ig2 3«)<aB* 

it-rs-^^^-e^^o mt^^^*ii*. b— tf^tisi o^^ 

T. S2BaB;fi«±«S2orcA*r*i±. S52a5Sa« 

a>iS*<S-l- oi;7S:-5^5f::vc M^iJfflElK 3 3 Iz J; 

7R-<x=i^;i^^— a? 3 2*SEi&L-c»i a>oaffia2 

3cr>feM*^^bSi±?>o 

[0 0 6 8] VCMWJflPlljSa 3[t. @13(c4$tiX0$ 
K3 3K l^ffl«5KPS&3 3 2s P-/'?X37^';i/5i3 3 

3. :Rtf7p>f;;^=i-f;u=E— ^SEKiiiK (vcMffiStiisi 

m) 3 3 43b^t,«tm*nTL\^o 
[0 0 6 9] f£lil&3 3 0 7t»\f)ai*$tlfcJg>^Sitf 

m (#ii^iii oMHz) co^is^-g-ii. a^B^iaissEift 
iBas3 4izfci\rii. b— ifscssi 0 36>^stai*ntc3t 

(JSjR»fOo 1 o14h z;!-— 4*^-) fn&fi^iaA^Jfi* 
[0 0 7 0] *ftfeS2 2^«J«^^IEl<D|]a^li2 3 

*iijiLT:5t^S«2 2co^i^fz|?tti$H^i* (SiS 
iS: fo:&tffO±fm) 1*^ Jfe«ltll*3 1 |zJ;-DT^ai 
za>J:o3S:ffl;e« (fO»t/fO±fm) ^S'^' 

^1i'^l3S-5*ftSt««2 2(7)^S»m (L) 

•So 

f Sfg^tMag^^tfc^i^-efc*, Pi^lSliKlHiUs 3 
21=1*. fgjiggs 3 oji^tidBAi^+tfcSls^**. (je« 

■So 3te^fflSg3 1 A^&ai^I^?*lfc^i^i:^iS^5^i:^4l^ 

□ — y<X 7 -f/U^l 3 3 31= A^J^ih., □— 

3 3 3ici3i,xt:c:©ttafitii*«#A>&3ESie^fi!E»^BS 



(LO) l=M-r^il!l£A»«S (L0±AL0) 

(Dm (±ALo) *a:h>•r^I'*S••^?^&So 

[0 0 7 2] C<0mM€#(*VCMffiil)ISlK3 3 4l=M 
bH. ANA^SmM^*J=*^#7l?-<X=i-fJU^-^'3 2 
:{i<SBlll$H (m{t:»i=l*s mfl£S3 2 2l::Slt:K'&S/%& 

mmu . mi ©Hffi^2 3$-siiaL^-LT3fe^taaif 3 

2 2 a)^£»fi7!i< Lo^ «: i-J , o ^ 

fj:i,^5iz) . j^^lfil|2 2(D^ft%£ (L) 

[0 0 7 3] jfe*««2 2 05tSSS (L) A<Lol=K 

liii:^ (L) «}i£B«a<i^^i!i$. mz^m'SLm^mmz 
o(=ASfr«.3tea)«fi©i/i ooo~i/ioooo 

[0 0 7 41 jiLt. *leqB^jf^*n,^ll^£fil!l=*':^*lj^ 

1] , [/<5'— >m5Kfi!cXS-2] JSLlf 

< 1 ) [/<$->S«}^^x^- 1 ] 

(2) [/^^i— vjS«oa> hSlSlg] 

(3) t/<4«-V««J^fifeX^-2] 

(4) [/^^» — t/»«053>h7;^. KS^XIg] 

(5) ^mizsacx (3) a.t; (4) ©jgyiEu 

[o o 7 5] MJ=i*. i/<9—>m^^m^m- 1 ] 1= 

[0 0 7 6] ^zfT-f^^^umi-r. %mii-m^m&o 
-\?>/^> K/<;^:7-fJUf — a oA^6T^^' j'i' HtfSflS4 

auBFft-s^sfr s - 1 

[0 0 7 7] :f;|i6Wa)i|i»fi:Sit^fl(d:, ±^Lfc^lE 

[0078] h'j7n5'j/^7Wm, xtfpe^>m 
7* hi7P5^/^?*t*4i:LT, JtK^tSjt o^uv:? 
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*^Wir=fli7E3E«tt<b (■y-'J^'JT'>T='J» , 

S r T i 03 F e/M o. N 

CaTiOs Fe.Zn.S 

T i O2 F e, C r , C 

BaTi03 Fe.Zn.S 

CaW04 B i 

Nb205 Fe 

S n 02 C u 

Ca F2 Ce. Gd, T 

C a F2 E u/Sm 

B a F2 E u/Sm 

'!r-filffi**^;^ Eu, Ce, Z 

>r'fKffi**^X AgBr, Ag 

A g I • H g I 2 

[0 0 7 9] ^s^%^^km%m.t:mm■^\^-'*fim^ 

o . SS 2 iSiiaESS^SS 2 o Jit;^t«|gg*W«S 3 o 
[0 0 8 0] u— y'itiilo, m2ffiiis£Si^SE2 0 

■t^^-B. @*t:L/— tfiSHIi, Nd : YAGJJlM-lCt,, 
N d : YVO4, Nd : BEL, L N P«f3f>\&SifiS;-f ^ 

<DSiig:&iCt> JSEEiie:&stfc*(t^JS:<> fiWEiS:;^3C 

iUr, KTPA!>BBO®tet=*, LN, QPM L 
[0081] — »0!>&l)t4£A>&^«j«6l^«$a>3eKni= 

tfjftsi 2A^&<^)j^^a^3t*lf»»3t!96tt 

ASt*1ir-S-i:fr?*-SU, U—tft if H 

j^jt^isaiiii^t **ai^B4:>-frfcfiifiBi*jfflis H G^a** 



i /Mo 

b, V. N i /Mo 
u , N a , M n 
b. V 



b. La 



1 6A^f,fie-53t^t^igo^^tffi5§«c^)Sll^al^ot=i^)lc, tm. 

[0 0 8 2] m2i^gS^ie±^S2 0ICj3lfi)3l6l^£|& 

:7T:?'j-'<p-astiii&i:-r-ii;i<b:fif#«,. c<oa 
•tL-cm2»sHa6ie*ss2 0A%6®giy3t*s*r 

L. A^A^^J5l^^-t?5*^*;h.fc3t^3^;«ms3 1 -e^a 

[0 0 8 3] #^lill:g«J«PSe3 Oa>Sq(7)9l^^ LT, 

^, Bn%> 3feft«»2 2 5«js-r'&mi a?iHi®iS2 3 5 

PZT^A^6fifeS^^g®lEm«^au^ 

faicffLv S2SP^sf6±sl1S2o*^^,s^^^l*^^*l^lll 
[0 0 8 4] m2iftig%ie£^eA>^itffi^:h.'&3^ii, 
±i=«-r«%-<:!&'SA<. cc9iS2;s8nS:«^ftSA^&^ 

L/-+fJiea>«tiit--53te3y(it Lfcm4aiS|}K/i:lt1? 
*E<, aSSJBSSKtf -S-tt-C^S^ COJi^lcli, 
fi>J^I*Nd : YAG*^C,fiEvS@*t:U— if!gM^t.ltttl$ 
;h.^jl^ : 1 0 6 4 nm) mzm^^^^W. 
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2 03!)^&|^a3$tL53t 26 6nm) t^^figL 

3t^<effl3ll?-t L-C5&«*eaa) urea CO (NH2) 2 
*fflL^5) SiH-fC t|::J;o-C. Nd : YAGA^t)^* 
IfSESoms^lffliR (ass : 2 1 3 nm) *± 

[0 0 8 5] AmtLXii. i/U=iV^«ft:£ffi^. G 
a A s«03ft^!Kl*3H*»fe. T F TttSfl^af-Sfcafe 

[00861 

SlcSB#ra-t?^SiK«S3t^l333lt'5 F L E xxT^-y :^ 
SjS^Sjit^09:gil'(b£l-^lt^^fig)l^^x@$^-rBI 

[0 2] iesigwi(0¥«**:m3tgsa>iH^E-efey. 0 
mite«»3teJta)S)i^bjSict5(t'5j»«(D=i > h?;^ ksi 

[0 7] iijfei5ij2CD¥«{*S3t3Sg<D«^0-e&y. * 

[0 8] ||S£«ll3(D¥»»»3fc3^®©«t^0T-fey. ^ 

[09] bi^X hil*XS^»BJ-r^fc4t>CO¥S»B3t 
[01 O] if^TOi^T. ' 7'^-<->t>K:&S:[c<t4T^ 



[01 1] »f5tas. m2Siaies£^gfi&u:ftffis 

[01 2] Tp-f x=i-<;b^— Siaj^iCS-^ft^o 

[013] ^tSSfi*Jj»gS$8tJS-r^VCM*J«IlE]» 
CD«fiE0t!&5o 
[014] f^mtt«Sl3t5ifC^oTfi&tl-*Lx^^X hflO 

[01 5] g^m^is.m^m:L<k^xmh^^iy^J7.h(D 
*iRi ©3t»]e»*&«a«if' m^0 -e as'S o 

[016] FLEX7.^*:;'^AZ^3E{b$-lt-CS5fcLfc 
[017] F LEXX^*:;:/AZ$-S^b*-l±rSifeLfc 

> ■y'-f xcoBis $ ^1" 0 1? a& ^ □ 

[018] F LEXX-T-^VZ^AZ^^^bSii-CBJtLfc 

>-9--rX(7>Bl«*7F-t0-efc-5. 

[^•§-<3!>g»%] 

1 0 u— -bFStai 

1 1 u-if^f^'Ti— K 

1 2 SH*U— »fJ«K 

1 3 imfl^ft^lSffl*^ 

14 1/4;:ftSfi 

1 5 ^Hfll 

1 6 mmtR 

20 as 2 'SiMJS.^^&M 

2 1 ^5^*^<ea*^ 

22 

2 3 1 (DlHlSft 

2 4 |f2(7)lH]ffiiS 

2 5. 26 

3 0 A««ft«J«SB 

3 1 

3 2 /K-fXzi-ryU^— ^ 
3 2 0 Sf$: 

32 1 :=\-f)W^^ 
3 2 2 ®a8:E 

3 23 3 — ^7 

3 3 vchAHamWitk 

3 3 0 

3 3 1 ^m^msmw^mm 

3 3 2 

33 3 n—/<^y^jv^ 

334 vcMisnsK 

34 Gffl^lfflS 

3 5 j|l3feU>X 

4 0 T^^'/>hS«SJt 
4 1. 4 2 3te1ttB» 
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4 4 {i-^iaS^g 

6 1 U^^^U 

6 3 ui?;^ h 



6 4 

65 r^-Y>>h-7— ^ 

6 6 Sffix^— e; 

6 7 
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